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A crystal growth method for adding or crystallizing 
nitrogen in a crystal, comprising 

a step of supplying aluminum and ammonium (NH3) 
to a surface of the crystal, 

whetein addition or crystallization of the 
nitrogen fromv the eunmonium which is supplied to the 
surface of the orystal into the surface of the crystal 
is accelerated by\$:he aluminum supplied to the surface 
of the crystal. 



1 



A crystal growth method according to claim 1> wherein 
decomposition of ammonivun and adsorption of nitrogen on 
a crystal surface is accelerated by aluminum. 



A crystal growth method according to claim 1, wherein 
the aluminum exists at least in an outermost surface of 
a growing layer. 

A crystal growth method according to claim 1, wherein 
an amount of nitrogen added to a crystal, a nitrogen 
composition, an amount of nitrogen adsorbed on a crystal 
surface and an amount of an element in the crystal surface 
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which is substituted with a nitrogen atom are controlled 
based on an amount or composition ratio of added aluminum* 



^. A crystal growth method according to claim 1, wherein 
aluminum is added to or crystallized in a restricted 
region, whereby only in the restricted region, nitrogen 
is added or crystallized, a nitrogen atom is adsorbed, 
or an element in a crystal surface is substituted with 
a nitrogen atom. 



^. A crystal growth method according to claim 1, wherein 
a method selected from among a molecular beam epitaxial 
(MBE) growth method, a metal organic molecular beam 
epitaxial (MO-MBE) growth method, a gas source molecular 
beam epitaxial (GS-MBE) growth method, and a chemical beam 
epitaxial (CBE) growth method is used. 



fl . A crystal growth method according to claim 1, wherein 
crystal growth of a III-V compound semiconductor 
including, as V group components, nitrogen and a V group 
element other than nitrogen is performed. 



p . A crystal growth method according to claim 7 * wherein 
at least one of arsenic (As), phosphorus (P), and 
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antimony (Sb) is selected as the V group element other 
than nitrogen. 



A crystal growth method according to claim p , wherein 
a substrate temperature is in a range from 450*^C to 640°C. 



1^. A crystal growth method according to claim 1, wherein 
a surface of single crystal substrate is a crystal surface 
slanted from a (100) surface in a [Oil] direction 
(A direction) or a crystal face which is equivalent in 
a crystallographic sense to the slanted crystal surface. 



A crystal growth method according to claim JX5, 
wherein the slant angle is within a range equal to 2^ or 
more and equal to 25^ or less. 



)/2. A crystal growth method according to claim 1, wherein 
one or more pairs of semiconductor layer A and 
semiconductor layer B are superposed, the semiconductor 
layer A including at least aluminum and nitrogen in its 
composition but not including indium in its composition, 
and the semiconductor layer B including at least indium 
in its composition but not including nitrogen in its 
composition . 







31^ 
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crystal growth method according to claim 
whereinS/the thickness of each of the semiconductor 
layers A and B is one molecular layer or more, and ten 
molecular laye.^s or less. 

lA. A crystal growth method according to claim 1, wherein 
crystal growth is performed by applying a source material 
to a substrate in a crystal growth room which is evacuated 
of air, and a mean free path of a molecule of each source 
material is longer than a distance between the substrate 
and a source of the source material. 

Hi 

A crystal growth method according to claim 1, wherein 
ammonium in the form of gas is used as a nitrogen source 
material, and a source material of another element is 
obtained by evaporating a solid of a single element. 

A crystal growth method according to claim 1, wherein 
ammonium in an undecomposed state is supplied as a 
nitrogen source material and decomposed on a surface of 
the substrate. 
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. A crystal growth method according to claim 1, wherein 
crystal growth is performed over an underlying (sub- 
strate) crystal which does not include nitrogen as a 
principal element. 



m lis 

ipr, A crystal growth method according to claim %Pf , 
wherein the underlying (substrate) crystal is selected 
from GaAs, InP, GaP, GaSb, and Si. 

til 

10 A semiconductor device comprising a semiconductor 

layer formed by the crystal growth method of claim 1 . 

^2t) . A semiconductor device according to claim )A , wherein 
the semiconductor device is a light emitting element, and 
15 the semiconductor layer forms a light emitting layer 
thereof . 

1^ 

21 . A semiconductor device comprising a semiconductor 
layer formed by the crystal growth method of claim }A5 . 



j9. 



. A semiconductor device according to claim wherein 
the semiconductor device is a light emitting element, and 
the semiconductor layer forms a light emitting layer 
thereof . 
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Z 3 . A semiconductor device comprising a semiconductor 
layer formed by the crystal growth method of claim yl. 

• A semiconductor device according to claim ^ , wherein 
the semiconductor device is a light emitting element, and 
the semiconductor layer forms a light emitting layer 
thereof • 



rs .Na system which uses the semiconductor device of 
claim 




A ^^stem wlfi^h uses the semiconductor device of 
claim ^ . 

2^* A semiconductor device comprising a semiconductor 
layer formed by the crystal growth method of claim 

Z8. A semiconductor device according to claim wherein 
the semiconductor device is a light emitting element, and 
the semiconductor layer forms a light emitting layer 
thereof. 
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A semiconductor device comprising a semiconductor 
layer formed by the crystal growth method of claim . 



0 . A semiconductor device according to claim >9r, wherein 



the semiconductor device is a light emitting element, and 
the semiconductor layer forms a light emitting layer 
thereof , 

I* 

:f 1 • A semiconductor device comprising a semiconductor 
layer formed by the crystal growth method of claim 

yi. A semiconductor device according to claim ^ . wherein 
the semiconductor device is a light emitting element, and 
the semiconductor layer forms a light emitting layer 
thereof • 

33. A semiconductor device comprising a semiconductor 

MS. 

layer formed by the crystal growth method of claim iv. 

A semiconductor device according to claim wherein 
the semiconductor device is a light emitting element, and 
the semiconductor layer forms a light emitting layer 
thereof . 
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A crystal growth method for adsorbing a nitrogen atom 
on a surface of a crystal, the crystal including aluminum 
in the surface thereof, comprising steps of: 

growing the crystal including the aluminum on the 
5 surface; and 

supplying ammonium (NH3) to the surface of the 
crystal including the aluminum in the surface thereof, 
wherein adsorption of the nitrogen atom generated 
by decomposition of the ammonium supplied to the surface 
10 of the crystal is accelerated by the aluminum included 
in the surface of the crystal. 

^\ A crystal growth method according to claim 
wherein decomposition of ammonium and adsorption of 
15 nitrogen on a crystal surface is accelerated by aluminum. 

A crystal growth method according to claim 
wherein the aluminum exists at least in an outermost 
surface of a growing layer. 



20 



2(8. A crystal growth method according to claim 
wherein an amount of nitrogen added to a crystal, a 
nitrogen composition, an amount of nitrogen adsorbed on 
a crystal surface and an amount of an element in the crystal 
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surface which is substituted with nitrogen are controlled 
based on an amount or composition ratio of added aluminum. 

. A crystal growth method according to claim 
wherein aluminum is added to or crystallized in a re- 
stricted region, whereby only in the restricted region, 
nitrogen is added or crystallized, a nitrogen atom is 
adsorbed, or an element in a crystal surface is 
substituted with a nitrogen atom. 

4^. A crystal growth method according to claim 
wherein a method selected from among a molecular beam 
epitaxial (MBE) growth method, a metal organic molecular 
beam epitaxial (MO-MBE) growth method, a gas source 
15 molecular beam epitaxial (GS-MBE) growth method, and a 
chemical beam epitaxial (CBE) growth method is used. 

A crystal growth method according to claim .^3^, 



wherein crystal growth of a III-V compound semiconductor 
20 including, as V group components, nitrogen and a V group 
element other than nitrogen is performed. 

4r2. A crystal growth method according to claim 
wherein at least one of arsenic (As) , phosphorus (P) , and 
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antimony (Sb) Is selected as the V group element other 
than nitrogen. 

>o . A crystal growth method according to claim ^ , 
5 wherein a substrate temperature is in a range from 450°C 
to 640°C. 

A crystal growth method according to claim , 
comprising a series of steps including at least steps of: 
10 supplying a III group source material including 

aluminum of less than one atomic layer; 

subsequently , supplying ammonium so as to adsorb 
nitrogen atoms of less than one atomic layer; and 

supplying a source material of a V group element 
15 other than nitrogen, 

wherein the series of steps are repeated one time 
or more. 

A crystal growth method according to claim 
20 wherein in the step of supplying ammonium so as to adsorb 
nitrogen of less than one atomic layer, the source 
material of the V group element other than nitrogen is 
not supplied at the same time. 
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A crystal growth method according to claim ^4, 
wherein crystal growth is performed over a single crystal 
substrate in which a {100} surface is a principal plane. 

. A crystal growth method according to claim 
wherein a surface of the single crystal substrate is a 
crystal surface slanted from a (100) surface in a 
[Oil] direction (A direction) or a crystal face which is 
equivalent in a crystallographic sense to the slanted 
crystal surface. 

A crystal growth method according to claim ^ , 
wherein the slant angle is within a range equal to 2** or 
more and equal to 25** or less. 

Jt9 . A crystal growth method according to claim ,3^, 
wherein one or more pairs of semiconductor layer A and 
semiconductor layer B are superposed, the semiconductor 
layer A including at least aluminum and nitrogen in its 
composition but not including indium in its composition, 
and the semiconductor layer B including at least indium 
in its composition but not including nitrogen in its 
composition . 
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^5U. AN^rystal growth method according to claim 
wherein \Jie thickness of each of the semiconductor 
layers A an>a B is one molecular layer or more, and ten 



molecular lay\rs or less. 

7i 



^1. A crystal growth method according to claim 
wherein crystal growth is performed by applying a source 
material to a substrate in a crystal growth room which 
is evacuated of air, and a mean free path of a molecule 
10 of each source material is longer than a distance between 
the substrate and a source of the source material. 

yi. A crystal growth method according to claim ,^33, 
wherein ammonium in the form of gas is used as a nitrogen 
15 source material, and a source material of another element 
is obtained by evaporating a solid of a single element. 

^53. A crystal growth method according to claim p5, 
wherein ammonium in an undecomposed state is supplied as 
20 a nitrogen source material and decomposed on a surface 
of the substrate. 

54. A crystal growth method according to claim 3'^, 
wherein crystal growth is performed over an underlying 
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(substrate) crystal which does not Include nitrogen as 
a principal element . 

^56, A crystal growth method according to claim 
wherein the underlying (substrate) crystal is selected 
from GaAs, InP, GaP, GaSb, and Si. 

li 

^5^. A semiconductor device comprising a semiconductor 
layer formed by the crystal growth method of claim pB^. 

S7, A semiconductor device according to claim wherein 
the semiconductor device is a light emitting element, and 
the semiconductor layer forms a light emitting layer 
thereof , 

A semiconductor device comprising a semiconductor 
layer formed by the crystal growth method of claim ^ . 

J59 . A semiconductor device according to claim wherein 
the semiconductor device is a light emitting element, and 
the semiconductor layer forms a light emitting layer 
thereof . 
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^ . A semiconductor device comprising a semiconductor 
layer formed by the crystal growth method of claim >9 • 

jSd • A semiconductor device according to claim j&D, wherein 
the semiconductor device is a light emitting element , and 
the semiconductor layer forms a light emitting layer 
thereof • 

6^ . J^system which uses the semiconductor device of 
claim 




which uses the semiconductor device of 



V 

4, A semiconductor device comprising a semiconductor 
layer formed by the crystal growth method of claim ^51. 



1^ 

66 . A semiconductor device according to claim , wherein 
the semiconductor device is a light emitting element, and 
the semiconductor layer forms a light emitting layer 
thereof . 



A semiconductor device comprising a semiconductor 
layer formed by the crystal growth method of claim p^. 
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6^ . A semiconductor device according to claim , wherein 
the semiconductor device is a light emitting element, and 
the semiconductor layer forms a light emitting layier 
thereof. 

J^B . A semiconductor device comprising a semiconductor 
layer formed by the crystal growth method of claim 

(SB . A semiconductor device according to claim wherein 
the semiconductor device is a light emitting element, and 
the semiconductor layer forms a light emitting layer 
thereof . 

IAS . A semiconductor device comprising a semiconductor 
layer formed by the crystal growth method of claim 

/l • A semiconductor device according to claim , wherein 
the semiconductor device is a light emitting element, and 
the semiconductor layer forms a light emitting layer 
thereof . 



crystal growth method for substituting a portion 
of elehients included in a crystal surface with nitrogen 
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atpnvte, the surface of the crystal further including 
alumimim, comprising steps of: 

gtrowing the crystal; and 

supplying ammonium (NH3) to the surface of the 
stal, \ 

where^ substitution of the portion of the ele- 
ments with the iiitrogen atom from the ammonium supplied 
to the surface >Df the crystal is accelerated by the 
aluminum includedXin the surface of the crystal. 

A crystal growth method according to claim^7'2, 
wherein decomposition of ammonium and adsorption of 
nitrogen on a crystal surface is accelerated by aluminum. 

J/A » A crystal growth method according to claim ^^P^ , 
wherein the aluminum exists at least in an outermost 
surface of a growing layer. 

7^ . A crystal growth method according to claim^T^, 
wherein an amount of nitrogen added to a crystal, a 
nitrogen composition, an amount of nitrogen adsorbed on 
a crystal surface and an amount of an element in the crystal 
surface which is substituted with nitrogen are controlled 
based on an amount or composition ratio of added aluminum. 
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^7^'. A crystal growth method according to claim ^^2, 
wherein aluminum is added to or crystallized in a re- 
stricted region, whereby only in the restricted region, 
5 nitrogen is added or crystallized, a nitrogen atom is 
adsorbed, or an element in a crystal surface is 
substituted with a nitrogen atom. 

Yl . A crystal growth method according to claim ^ , 
10 wherein a method selected from among a molecular beam 
epitaxial (MBE) growth method, a metal organic molecular 
beam epitaxial (MO-MBE) growth method, a gas source 
molecular beam epitaxial (GS-MBE) growth method, and a 
chemical beam epitaxial (CBE) growth method is used. 



15 



20 



A crystal growth method according to claim ^^7^, 
wherein crystal growth of a III-V compound semiconductor 
including, as V group components, nitrogen and a V group 
element other than nitrogen is performed. 

'"J 

>9. A crystal growth method according to claim 
wherein at least one of arsenic (As) , phosphorus (P) , and 
antimony (Sb) is selected as the V group element other 
than nitrogen. 
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wherein a substrate temperature is in a range from 450''C 
to 640°C. 



A crystal growth method according to claim 7^, 
comprising a series of steps including at least steps of: 
forming a III-V compound crystal layer including at least 
one molecular layer of aluminum; and subsequently, 
supplying ammonium so as to substitute a portion of 
V group atoms in the III-V compound crystal layer with 
nitrogen atoms, wherein the series of steps are repeated 
one time or more. 



comprising at least steps of: 

crystal-forming a layered structure including at 
least a first semiconductor layer containing aluminum and 
a second semiconductor layer superposed thereon; 

etching the layered structure while masking a 
portion of the layered structure such that the first 
semiconductor layer is exposed in a portion of an etched 
surface; and 

supplying ammonium to the etched surface while 





A crystal growth method according to claim 
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heating the layered structure such that at least a portion 
of a constituent element in the first semiconductor layer 
is substituted with nitrogen* 

JB^\ A crystal growth method according to claim 
wherVln the etched surface is a (nil) A surface (n=l, 2, 
3 / • • • ) 

A crystal growth method according to claim 
wherein a surface of single crystal substrate is a crystal 
surface slanted from a (100) surface in a [Oil] direction 
(A direction) or a crystal face which is equivalent in 
a crystallographic sense to the slanted crystal surface. 

86. A crystal growth method according to claim ^4, 
wherein the slant angle is within a range equal to 2° or 
more and equal to 25** or less. 

. A crystal growth method according to claim 
wherein one or more pairs of semiconductor layer A and 
semiconductor layer B are superposed, the semiconductor 
layer A including at least aluminum and nitrogen in its 
composition but not including indium in its composition, 
and the semiconductor layer B including at least indium 



- 20 - 



99R00546 



in its composition but not including nitrogen in its 
composition. 

^.N^ crystal growth method according to claim 
whereinv the thickness of each of the semiconductor 
layers A and B is one molecular layer or more, and ten 
molecular la^rs or less. 

Sh. A crystal growth method according to claim 
wherein crystal growth is performed by applying a source 
material to a substrate in a crystal growth room which 
is evacuated of air, and a mean free path of a molecule 
of each source material is longer than a distance between 
the substrate and a source of the source material. 

fl^ . A crystal growth method according to claim ^7^, 
wherein ammonium in the form of gas is used as a nitrogen 
source material, and a source material of another element 
is obtained by evaporating a solid of a single element. 



. A crystal growth method according to claim , 



wherein ammonium in an undecomposed state is supplied as 
a nitrogen source material and decomposed on a surface 
of the substrate. 
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A crystal growth method according to claim 
wherein crystal growth Is performed over an underlying 
(substrate) crystal which does not Include nitrogen as 
a principal element • 



A crystal growth method according to claim 



wherein the underlying (substrate) crystal Is selected 
from GaAs, InP, GaP, GaSb, and SI. 

y3 . A semiconductor device comprising a semiconductor 
layer formed by the crystal growth method of claim 

p4 . A semiconductor device according to claim ^ , wherein 
15 the semiconductor device Is a light emitting element, and 
the semiconductor layer forms a light emitting layer 
thereof . 

-45. A semiconductor device comprising a semiconductor 
20 layer formed by the crystal growth method of claim ^i^. 

9^ . A semiconductor device according to claim ^ , wherein 
the semiconductor device Is a light emitting element, and 
the semiconductor layer forms a light emitting layer 
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thereof . 
\% 

A semiconductor device comprising a semiconductor 
layer formed by the crystal growth method of claim 

^ . A semiconductor device according to claim , wherein 
the semiconductor device is a light emitting element, and 
the semiconductor layer forms a light emitting layer 
thereof . 

A method for forming a semiconductor microwire 



structure wherein: 

lie? 

the crystal growth method of claim is used when 
forming a semiconductor microstructure having a 
periodically-positioned wire pattern; 

a diffraction grating is formed by the step of 
etching the layered structure while masking a portion of 
the layered structure such that the first semiconductor 
layer is exposed in a portion of an etched surface; and 

a periodical wire structure is formed at a 1/2 of 
the pitch of the diffraction grating by the step of 
supplying ammonium to the etched surface while heating 
the layered structure such that at least a portion of a 
constituent element in the first semiconductor layer is 
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substituted with nitrogen. 

)Afh . A method for forming a semiconductor microwire 
structure according to claim , wherein the wire 
structure is an absorptive diffraction grating section 
of a gain-coupled distributed feedback semiconductor 
laser having an absorptive diffraction grating, or a 
quantum wire. 

Lol. A method for forming a semiconductor microwire 
structure according to claim wherein ammonium in an 

undecomposed state is supplied as a nitrogen source 
material and decomposed on a surface of the substrate. 

15 >0*2 . A method for forming a semiconductor microwire 
structure according to claim wherein crystal growth 

is performed over an underlying (substrate) crystal which 
does not include nitrogen as a principal element. 

20 ilTs . A method for forming a semiconductor microwire 
structure according to claim 1J>2 , wherein the underlying 
(substrate) crystal is selected from GaAs , InP, GaP, GaSb, 
and Si. 
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system which uses the semiconductor device of 

claim 

A system which uses the semiconductor device of 
claim J9r5 

1/06. A semiconductor device comprising a semiconductor 
layer formed by the crystal growth method of claim 8^. 

ijyj • A semiconductor device according to claim lr€rb, 
wherein the semiconductor device is a light emitting 
element, and the semiconductor layer forms a light 
emitting layer thereof* 



±Q^. A semiconductor device comprising a semiconductor 
^ 117 
layer formed by the crystal growth method of claim JBf^. 

^9. A semiconductor device according to claim 



wherein the semiconductor device is a light emitting 
element, and the semiconductor layer forms a light 
emitting layer thereof. 

^>3ro . A semiconductor device comprising a semiconductor 
layer formed by the crystal growth method of claim 
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tf3rTl . A semiconductor device according to claim J^tO , 
wherein the semiconductor device is a light emitting 
element, and the semiconductor layer forms a light 
emitting layer thereof. 

1^2. A semiconductor device comprising a semiconductor 
layer formed by the crystal growth method of claim 

^^t3 . A semiconductor device according to claim J*^2, 
wherein the semiconductor device is a light emitting 
element, and the semiconductor layer forms a light 
emitting layer thereof. 



